Yemen is the least advanced country among Middle Eastern countries in sewage reuse and safety control. The current sewage effluent quality in Yemen is generally poor as none of the existing sewage treatment plants produces effluents that comply with the effluent quality regulations. There is no plan to build tertiary treatment systems. However, the oxidation and stabilization ponds are considered most appropriate for the warm climate conditions in the country. Sewage effluents and biosolids generated from these ponds are used extensively for agricultural purposes. This review discusses the potential use of solar disinfection (SODIS) and lime treatment for the reduction of pathogens in sewage effluents and biosolids before reuse. SODIS and lime treatment are natural processes, simple, easily implemented, produce non-toxic by-products and are low cost. The merits of these processes are enormous, and they are suitable for application in developing countries such as Yemen.
INTRODUCTION
Sewage effluent is the treated liquid that comes out of a treatment plant after completion of the treatment processes, while biosolids are the solid and semi-solid residues generated during the sewage treatment processes (US EPA ). Sewage treatment is a multistage process that ranges from a main process for the treatment of raw sewage to advance processes for removing pollutants that remain in secondary effluents (Gupta et al. ; Heritage et al. ) .
In Yemen, oxidation and stabilization ponds are considered the most appropriate treatment system (UN ).
There are 32 oxidation/stabilization ponds, 16 septic tanks, five Imhoff tanks, and only two sewage treatment plants (STPs) have activated sludge systems in the country reported that the loading of these plants is greater than the designed capacity and hence the current sewage effluent quality in Yemen is generally poor as none of the existing STPs produces effluents that comply with the effluent quality regulations (UN ). The characteristics of the main STPs in Yemen are presented in Table 1 .
The direct disposal of industrial wastewater to sewerage systems in Yemen leads to weak efficiency of STPs, due to increased concentrations of heavy metals and organic contaminants (UN ). Almost 164 factories in Sana'a, ). The treatment processes for sewage are insufficient to remove antibiotics. Many antibiotics have been detected in large quantities in sewage-treated effluents and in surface waters receiving effluents (Spongberg & Witter ) .
The rapid growth of communities and cities in Yemen has increased during the last few decades. According to the World Bank (), the population equivalents (PE) have increased by 25% during the period from 2000 to 2012. The total amount of raw sewage produced annually is approximately 70-100 million m 3 , and the total amount of treated sewage is 46 million m 3 , with 31.2 million m 3 of treated sewage effluents used for irrigation (FAO ).
Only 25% of PE is served by sewerage systems.
It has been reported by UNICEF () that 2,000 children under the age of 5 die every day in the world due to diarrhoeal diseases, with 90% of these deaths directly linked to poor sanitation and contaminated drinking water. In Yemen, poor sanitation and leakage of old sewerage systems that contaminate underground drinking water pipes are the main causes of polluted water. According to Parliament's Water and Environment Committee (), waterborne diseases affected 75% of the population, 55,000 children die annually, and three-million people had hepatitis because of consuming unclean drinking water (HOOD ).
Sewage sludge contains many pathogenic bacteria, which can cause several human diseases and may pose a risk to human health if not properly controlled (Scott et al. ) . Hence, this review presents an overview of solar disinfection (SODIS) and lime treatment to reduce pathogenic bacteria in sewage sludge before land application. 
PATHOGENIC BACTERIA IN SEWAGE EFFLUENTS AND BIOSOLIDS IN YEMEN

REUSE OF SEWAGE EFFLUENTS AND BIOSOLIDS FOR AGRICULTURAL PURPOSES IN YEMEN
Direct disposal of sewage effluents is suspected as the major source of waterborne diseases (Huttly ). In Yemen, the common practice for sewage-treated effluents in coastal cities is discharge into natural waters (UN ). The disposal of sewage effluents to the valley ('wadi') is common in the mountain cities (UN ). The disposal of sewage effluents could increase the concentration of pathogenic bacteria It has been reported that most animals in the zone area near the STP in Sana'a, Yemen suffer from intestinal diseases caused by pathogenic bacteria from sewage. The farmers of these areas also suffered from several diseases caused by the pathogenic bacteria, because they did not wear gloves during the irrigation process (Haidar ). In addition, the sewage effluents and biosolids generated from STPs are not subjected to any further treatment before disposal or reuse, apart from some of the STPs, which use chlorination. However, one of the main disadvantages with chlorine disinfection is that of free and combined chlorine residues being toxic to aquatic organisms. Therefore, the requirement to dechlorinate or to remove chlorine before it is discharged to the environment has increased in recent years due to the potential health hazards of nitrosodimethylamine, which is reported as a probable human carcinogen (Pehlivanoglu-Mantas et al. ).
To maintain safe disposal or reuse of sewage effluents, the WHO () reported that FC should be less than 1,000 cells/100 mL. However, US EPA (b) recommended that FC should not exceed 14 cells/100 mL.
The US EPA Part 503 regulations for the use or disposal of sewage sludge (CFR ) divided stabilization sludge into Class A and Class B. Class A biosolids must meet either an FC limit of less than 1,000 MPN g À1 total solids (TS) or less than three Salmonella/4 g TS. Class B biosolids should meet FC limits of less than 10 6 MPN g À1 TS.
STORAGE SYSTEM OF SEWAGE EFFLUENTS AND BIOSOLIDS IN YEMEN
Storage basins are one of the methods used for storage of wastewater in the USA until the rainy season, when the facility is allowed to discharge into the receiving water body. Storage systems are used typically for accumulating wastewater before its ultimate disposal, or for temporarily holding batch streams before treatment (US EPA ).
In Yemen, STPs that are located in the mountain cities store sewage effluents in storage basins before disposal or reuse. revealed that the storage of biosolids for 24 weeks was effective for reduction of FC to meet the Class A standards limits recommended by US EPA.
DISINFECTION OF SEWAGE EFFLUENTS BY SOLAR RADIATION
SODIS was able to inactivate pathogens in water or wastewater when contained in transparent polyethylene terephthalate bottles and exposed to solar radiation for several hours (WHO ). 
